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Medicinal plants have been used traditionally to cure a variety of diseases since ancient
times. Elsholtzia densa, a rare annual herb of the Kashmir valley, was assessed for its
antioxidant efficacy. Antioxidant activity of the crude extracts was evaluated using 1,
1- diphenyl-2-picryl hydrazyl free radical (DPPH), DNA sugar damage, lipid peroxidation,
ferric thiocyanate (FTC) and hydrogen peroxide scavenging assays. The maximum
percentage decrease of 1,1-diphenyl-2-picryl hydrazyl radical (DPPH) standard solution
was recorded for the 50% ethanolic extract (90.48%). The extracts were further evaluated
using the thiobarbituric acid reactive substances assay. The methanolic extract showed
the highest activity (32.02%) in reducing oxidative damage to DNA. The antioxidant
activity of the extracts was also determined using the linoleic acid system and the highest
antioxidant activity (49.64%) was found in the 50% ethanolic extract. In the case of the
FTC assay, the 50% ethanolic extract showed the highest activity (70.14%) which was
comparable to that of a-tocopherol. Moreover, total phenolics concentration was found
to be 62.5 mg% and 77.5 mg% in the cases of absolute ethanolic and 50% ethanolic
extracts, respectively. These findings indicate promising antioxidant activity of crude
extracts of the plant and the need for further exploration of their effective use in both
modern and traditional systems of medicine.1. Introduction
In both developing and developed countries, the demand
for plant-based therapeutics is increasing to a greaterof Biochemistry, University of Ka
acopuncture Instituteextent due to the growing recognition of their benefits,
they: are natural products; are neither sedatives nor tran-
quilizers; are eco-friendly, producing minimum environ-
mental hazards; have no adverse side effects; and areshmir, Srinagar 190006, India.
Free radical scavenging activity of E. densa 105reasonably priced [1]. The human body is continuously
being attacked by free radicals but it possesses several
defense systems consisting of enzymes and low molecular
weight antioxidants [2]. Antioxidant compounds such as
phenolic acids, polyphenols and flavonoids scavenge free
radicals such as peroxide, hydroperoxide or lipid peroxyl
and thus inhibit the oxidative mechanisms that lead to
degenerative diseases. The antioxidant nutrients them-
selves do not become free radicals by donating an electron
because they are stable in either form. They act as scav-
engers, helping to prevent cell and tissue damage that
could lead to cellular damage and disease. Free radicals
contribute to aging and have been implicated in the
etiology of various human diseases such as cancer, cardio-
vascular diseases, immune system decline and neural
disorders [3e5]. During the past 3 decades, several
antioxidant-based drugs have emerged for the prevention
and treatment of complex diseases such as Alzheimer’s
disease and cancer [6]. Recent studies have shown that
plant products such as polyphenolic compounds, terpenes
and various plant extracts possess antioxidant potential
[7e10]. An association has been found between individuals
who eat plenty of fruits and green leafy vegetables and
a decreased risk in various diseases such as cancer and
cardiovascular diseases [11,12].
Because the valley of Kashmir is a rich source of
medicinal plants it possesses great potential that could be
exploited for human welfare. Therefore the present study
was designed to investigate the antioxidant potential of
Elsholtzia densa. Several in vitro assays were used to assess
the antioxidant potentials of E densa to find which was
optimal.
The genus Elsholtzia belongs to the Lamiaceae family
and has approximately 40 species worldwide mainly
distributed in East Asia. Thirty-three species, 15 varieties
and five forms of the genus Elsholtzia are found in China.
Among these, some are used as medicines, some are taken
as food and some are used to make honey. The genus
Elsholtzia generally possesses plentiful volatile oil, which
strongly inhibits the central nervous system and takes on
a definite analgesic effect; it also shows antibiotic and anti-
inflammatory effects.
As a species of the genus Elsholtzia, E densa is an annual
erect herb with a pubescent stout four-angled stem, it is
commonly known as Sanik and widely distributed on the
open slopes in countries such as Korea, China and also in
Indian Himalayan regions.
This plant has been used as a traditional folk drug
worldwide for the treatment of various diseases. In China
it is used traditionally to treat influenza, sore throats,
measles, headaches, dermatitis, ostealgia, furunculosis and
bloody stools [13]. In Nepal this plant is used to treat skin
infections, burns and cuts [14]. In the Ladakh region of the
Kashmir valley, E densa is used as a food. The leaves are
boiled, cut into small pieces and added to buttermilk.
Alternatively it is fried with onions, garlic and chillies
and cooked [15]. The aim of this study was therefore to
authenticate the folklore claims of this plant in general by
evaluating the antioxidant potential that could be respon-
sible for its medicinal values.2. Material and methods
2.1. Plant material collection
The plant E densa was collected from the higher reaches of
Naranag in Kashmir during the months of July and August
and was identified and authenticated courtesy of the
Centre of Plant Taxonomy, Department of Botany, Univer-
sity of Kashmir. The voucher specimen has been retained
in the herbarium of Taxonomy, Department of Botany,
University of Kashmir for future reference under herbarium
number KASH-610.
2.2. Preparation of plant extracts
The aerial parts of the plant material were shade dried
under room temperature at 30C 2C. After shade drying,
the plant material was cut into small pieces and powdered
using a mortar and pestle and sieved with a sieve of 0.3 mm
aperture size. The powdered plant material was succes-
sively extracted in 250 mL each of hexane, ethyl acetate,
butanol, absolute ethanol, 50% ethanol, methanol and
distilled water by using Soxhlet extractor (60e80C). At the
end of hot extraction each extract was filtered. The filtrate
was concentrated on a hot water bath and the solvent was
recovered using a distillation unit. The extracts were then
kept in a desiccator to remove any moisture if present and
finally stored at 4C for further use.
3. Free radical scavenging activity
3.1. Determination of total phenolic content
The total phenolics in methanolic, ethanolic and 50% etha-
nolic extracts of E densa were determined by using
FolineCiocalteau reagent. A hundred milligrams of each of
the extracts was dissolved in 200 mL of methanolic/water
(60:40, v/v, 0.3% hydrochloric acid [HCl]) and filtered
through Whatman’s filter paper. To the 100 mL filtrate, 100
mL of 50% FolineCiocalteau reagent, and 2 mL of 2.5%
sodium carbonate were added and mixed completely. After
2 hours incubation at room temperature, the absorbance of
the solution at 750 nm was measured with spectrophotom-
eter (Model LT-29, Labtronics, India). Quantitation was
based on the standard curve of gallic acid (50 mg%), which
was dissolved in methanol/water (60:40, v/v, 0.3% HCl) [16].
3.2. DPPH radical scavenging activity
The DPPH assay was performed by using the method of
Braca et al [17]. Various concentrations of plant extracts
(100e1000 mg/mL) were added to 1 mL of the 20 mg%
methanol solution of DPPH, and the mixture was vortexed
vigorously. The tubes were then incubated at room
temperature for 30 minutes in the dark, and the absor-
bance was recorded at 517 nm. Lower absorbance of the
reaction mixture indicates higher free radical scavenging
activity and a-tocopherol was taken as positive control.
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106 M. Khan et al.The percentage inhibition was calculated by using the
formula:
% inhibitionZ½ðA0 A1Þ=A0  100
Where A0 is the absorbance of the control and A1 is
absorbance in the presence of plant extracts and known
standards.
3.3. Assessment of hydroxyl radical scavenging
activity
Hydroxyl radical, generated from the Fe3þ-ascorbate-H2O2
(Fenton reaction), was evaluated by degradation of
deoxyribose that produced thiobarbituric acid reactive
substances (TBARS) [18]. The reaction mixture contained
25 mM deoxyribose, 10 mM ferric chloride, 100 mM ascorbic
acid, 2.8 mM H2O2 in 10 mM KH2PO4 (pH 7.4) and various
concentrations of E densa extracts. The reaction mixture
was incubated at 37C for 1 hour after which 1 mL of 1%
thiobarbituric acid and 1 mL of 3% trichloroacetic acid were
added and heated at 100C for 20 minutes. The TBARS was
measured spectrophotometrically at 535 nm. The results
were expressed as percentage inhibition of deoxyribose
oxidation as determined by the following formula.
Percent inhibitionZ½ðA BÞ=A  100
Where A is the malondialdehyde produced by the control
and B is the malondialdehyde produced in the presence of
E densa extracts and different known antioxidants.
3.4. Lipid peroxidation
Lipid peroxidation was performed according to the method
of Wright et al [19]. The reaction mixture in a total volume
of 2.0 mL, contained 1.0 mL of linoleic acid, 0.2 mL ferric
nitrate (20 mM), 0.2 mL of ascorbic acid (200 mM) and
0.2 mL of H2O2 (30 mM) and different concentrations of
plant extracts (50e250 mg/mL). This was followed by
incubation at 37C in a water bath for 1 hour. The reaction
was stopped by the addition of 1.0 mL trichloroacetic acid
(10% w/v), following which 1.0 mL of thiobarbituric acid (1%
w/v) was added and all the tubes were placed in a boiling
water bath for 20 minutes. The tubes were then centri-
fuged at 5000 revolutions per minute for 10 minutes. The
amount of malondialdehyde formed in each of the samples
was assessed by measuring the optical density of the
supernatant at 535 nm against a reagent blank.
3.5. Assessment of antioxidant activity by FTC
method
The standard method as described by Kikuzaki and Nakatani
[20] was used. A mixture of 4.0 mg of plant extracts in 4 mL
of absolute ethanol, 4.1 mL of 2.52% linoleic acid in abso-
lute ethanol, 8.0 mL of 0.05 M phosphate buffer (pH 7.0),
and 3.9 mL of water was placed in a vial with a screw cap
and then placed in a dark oven at 40C. To 0.1 mL of this
solution were added 9.7 mL of 75% ethanol and 0.1 mL of
30% ammonium thiocyanate. Precisely 3 minutes after the
addition of 0.1 mL of 0.02 M ferrous chloride in 3.5% HCl to
Table 2 Effect of E. densa extracts on hydroxyl radical scavenging activity.
Concentration (mg/ml) a- tocopherol Ethanolic extract 50% ethanolic extract Methanolic extract
20 (mg/ml) 60.45 0.039* 13.06 2.02* 6.51 4.41 15.4 15.35
40 (mg/ml) 74.89 0.055* 15.3 2.61* 8.40 4.87 17.76 16.02
60 (mg/ml) 81.10 0.015* 18.03 2.19* 13.97 1.19 21.46 17.22
80 (mg/ml) 82.87 0.069* 23.45 3.27* 19.64 5.90* 24.68 17.14
100 (mg/ml) 90.67 0.007* 26.6 7.23* 25.62 13.3* 32.02 26.57
Each value represents mean S.D of six experiments.
*P< 0.05 vs control.
Free radical scavenging activity of E. densa 107the reaction mixture, the absorbance of red color was
measured at 500 nm every 24 hours up to 5 days until the
absorbance of control reached its maximum. Butylated
hydroxytoluene (BHT) was used as a positive control,
whereas a mixture without a plant sample was used as the
negative control.
3.6. Assessment of hydrogen peroxide scavenging
activity
The ability of E densa extracts to scavenge hydrogen
peroxide was evaluated according to the method of Ruch
et al [21]. A solution of H2O2 (2 mM) was prepared in
a phosphate buffer (pH 7.5). Plant extracts (50e250 mg/mL)
were added to the hydrogen peroxide solution (0.6 mL).
Absorbance of hydrogen peroxide at 230 nm was deter-
mined after 15 minutes against a blank solution containing
phosphate buffer without hydrogen peroxide. BHT was
taken as known standard. The scavenging activity of the
plant extracts on H2O2 was expressed as:
% inhibitionZ½ðA0 A1Þ=A0  100
Where A0 is the absorbance of the control and A1 is
absorbance in the presence of plant extracts and known
standards.
3.7. Antioxidant activity against oxidative damage
to DNA
Hydroxyl radicals generated by Fenton reaction were used
to induce oxidative damage to DNA [22]. The reaction
mixture (15 mL) contained 25 mg of calf thymus DNA in
20.0 mM phosphate buffer saline (pH 7.4) and different
concentrations of plant extract (10 mg, 30 mg, 50 mg and
80 mg) were added and incubated with DNA for 15 minutes
at room temperature. The oxidation was induced byTable 3 Effect of E.densa extracts on hydrogen peroxide scave
Concentration (mg/ml) BHT Ethanolic ex
50 (mg/ml) 33.97 0.028* 1.39 0.43
100 (mg/ml) 45.45 0.012* 3.77 1.81
150 (mg/ml) 59.01 0.020* 4.98 2.65
200 (mg/ml) 72.28 0.010* 6.43 2.63*
250 (mg/ml) 83.15 0.010* 8.03 3.11*
Each value represents mean S.D of six experiments.
* P< 0.05 vs control.treating DNA with 20 mM ferric nitrate and 100 mM ascorbic
acid and incubating the mixture for 1 hour at 37C. The
reaction was terminated by the addition of loading buffer
bromophenol blue (0.25%) and glycerol (30%) and the
mixture was subjected to gel electrophoresis in 0.7%
agarose/TAE buffer run at 100 V. DNA was visualized and
photographed by Gel Doc (THE LIFE SCIENCES, Vikas Marg,
Delhi, India).
4. Statistical analysis
The values are expressed as mean standard deviation.
The results were calculated using Primer software (Lutton,
Ivybridge, United Kingdom) and evaluated by a one-way
analysis of variance followed by a Bonferroni t test. A p
value <0.05 was considered to be statistically significant.
5. Results
Phenols are very important plant constituents and because
of the presence of hydroxyl groups they have a great
scavenging ability. Phenolic compounds are therefore
known to be powerful chain-breaking antioxidants. All the
extracts of E densa were screened for their antioxidant
activity. Various in vitro assays were carried out and it was
found that the plant possesses a good antioxidant potential.
Total phenolic concentration was found to be highest for
50% ethanolic extract (77.5 mg%) followed by ethanolic
extract (62.5 mg%) and lowest for methanolic extract
(35 mg%). The total phenolic content strongly correlated
with the antioxidant activity.
The DPPH radical scavenging shown by the extracts is
concentration dependent. With an increase in concentra-
tion, the radical scavenging activity increases in all the
extracts of E densa as depicted in Table 1. It was observed
that 50% ethanolic extract showed strong radicalnging activity.
tract 50% ethanolic extract Methanolic Extract
1.62 0.86 2.41 0.91
4.11 1.476 3.53 0.76*
5.27 1.72* 5.76 1.26*
7.06 1.90* 7.2 0.97*
10.81 1.30* 10.47 1.51*
Table 4 Effect of E. densa extracts on lipid peroxidation.
Concentration (mg/ml) a- tocopherol Ethanolic extract 50% ethanolic extract Methanolic extract
50 (mg/ml) 50.17 0.027* 13.96 10.95 8.43 11.55 1.65 1.25
100 (mg/ml) 57.90 0.019* 19.97 19.27 15.89 14.48 2.43 1.66
150 (mg/ml) 63.13 0.031* 26.15 17.85 22.06 13.83 5.54 4.62
200 (mg/ml) 78.04 0.048* 36.01 16.61 29.23 13.42 6.2 4.16
250 (mg/ml) 87.25 0.024* 52.24 20.84* 49.64 21.68* 8.46 5.19
Each value represents mean S.D of six experiments.
* P< 0.05 vs control.
108 M. Khan et al.scavenging activity with percentage inhibition of 76.06% at
a concentration of 100 mg/mL, followed by absolute
ethanol extract which showed 42.51% and 87.50% of radical
scavenging activity at concentrations of 100 mg/mL and
700 mg/mL.
The percentage of DPPH radical scavenging activity of
hexane extract, ethyl acetate extract and butanolic extract
of E densa are presented in Table 1. The extracts showed
percentage inhibitions of 3.91%, 4.86% and 13.27% at
a concentration of 100 mg/mL and 15.90%, 33.42% and
78.84% at a concentration of 700 mg/mL, whereas for a-
tocopherol (standard) percentage inhibitions were found to
be 34.01% and 90.49% at 100 mg/mL and 700 mg/mL. The
percentages of DPPH radical scavenging activity of meth-
anol and aqueous extract of E densa are presented in
Table 1. The aqueous extract of E densa exhibited
a maximum DPPH scavenging activity of 20.40% and 58.94%
at 100 mg/mL and 700 mg/mL.
The Fenton reaction was used to induce deoxyribose
sugar damage in the calf thymus DNA following 24-hour
incubation and the damage was assessed by measuring
the absorbance of the formation of TBARS at 535 nm. The
percentage of hydroxyl radical scavenging activity
increased with the increasing concentration of extracts and
known antioxidants. The maximum scavenging activity was
observed with methanolic extract, 15.40%, 17.76%, 21.46%,
24.68% and 32.02% at concentrations of 20 mg/mL, 40 mg/
mL, 60 mg/mL, 80 mg/mL and 100 mg/mL respectively, fol-
lowed by ethanolic extract which showed 13.06% and 26.6%
at 20 mg/mL and 100 mg/mL. At concentrations of 20 mg/mL
and 100 mg/mL, the scavenging activity of a-tocopherol was
found to be 60.45% and 90.67%, respectively. Scavenging
activity was found in the following order: a-tocopher-
ol>methanolic extract> ethanolic extract> 50% ethanolic
extract (Table 2).Table 5 Effect of E. densa extracts on FTC assay.
Sample Percent Inhibition
Day 1 Day 2
Ethanolic extract 7.93 1.17* 10.08 1.54*
50% ethanolic extract 6.907 0.40* 14.07 0.66*
Methanolic extract 3.02 2.53 5.663 4.52
Vitamin. E 50.11 1.15* 61.22 0.98*
Each value represents mean S.D of six experiments.
* P< 0.05 vs control.The hydrogen peroxide scavenging shown by the extracts
is concentration dependent. With an increase in concen-
tration, the radical scavenging activity increases in all the
extracts of E densa as seen in Table 3. BHT was taken as
a reference compound. In summary, the hydrogen peroxide
radical scavenging potency of extracts of E densa
(increasing order of solvent polarity) was in the order: BHT
(3.97% and 83.17%)>methanol (2.41% and 10.47%)> 50%
ethanolic extract (1.62% and 10.81%)> ethanolic extract
(1.39% and 8.03%) at concentrations of 50 mg/mL and
250 mg/mL respectively. Our results indicate that the
extracts of E densa did not show effective H2O2 scavenging
activity.
The effect of various oxidants on lipid peroxidation was
done under in vitro conditions. In the present study the
inhibition of lipid peroxidation induced by H2O2/ ferric
nitrate/ascorbic acid by the extracts of E densa was carried
out in linoleic acid. Table 4 gives the level of lipid perox-
idation in terms of TBARS produced in linoleic acid induced
by 30 mM H2O2/ferric nitrate/ascorbic acid in the presence
of different extracts of E densa (50e250 mg/mL). When
different extracts of E densa were compared for free radical
scavenging activity, the ethanolic extract showed a higher
percentage of inhibition (52.24%) over 50% ethanol extract
(49.64%) and methanol extract (8.46%) at a concentration of
250 mg/mL.
The tested extracts of E densa exhibited good antioxi-
dant activity using the FTC method. The peroxidation
inhibition (antioxidant activity) of extracts exhibited 7.93%
(ethanolic extract), 6.90% (50% ethanolic extract) and
3.02% (methanol extract) at Day 1. At Day 5, the extracts
showed high percentage inhibition of 64.51% (ethanolic
extract), 70.14% (50% ethanolic extract) and 61.19%
(methanol extract) as depicted in Table 5. Vitamin E,
a known free radical scavenger, exhibited 50.11% andDay 3 Day 4 Day 5
39.42 0.48* 45.75 1.06* 64.51 2.14*
40.68 0.91* 52.65 0.44* 70.14 1.00*
19.72 4.66* 40.62 1.72* 61.19 3.63*
72.54 2.32* 84.23 1.98* 88.45 2.10*
Figure 1 Protective effect of the ethanolic extract on
oxidative damage to calf thymus DNA. Lane 1: Native calf
thymus DNA, Lane 2: DNAþ 20mM Ferric Nitrate þ 100mM
Ascorbic Acid þ 30mM H2O2, Lane 3: DNAþ 20mM Ferric
Nitrate þ 100mM Ascorbic Acid þ 30mM H2O2 þ 10mg of etha-
nolic extract, Lane 4: DNAþ 20mM Ferric Nitrate þ 100mM
Ascorbic Acid þ 30mM H2O2 þ30mg of ethanolic extract, Lane 5:
DNAþ 20mM Ferric Nitrate þ 100mM Ascorbic Acid þ30mM
H2O2þ 50mg of ethanolic extract, Lane 6: DNAþ 20mM Ferric
Nitrate þ 100mM Ascorbic Acid þ30mM H2O2þ 80mg of etha-
nolic extract, Lane 7: DNA þ 80mg of ethanolic extract.
Free radical scavenging activity of E. densa 10984.45% peroxidation inhibition at Day 1 and Day 5. Our
results suggest that different extracts of E densa possess
good peroxidation inhibition under in vitro conditions which
merits the use of extracts under in vivo conditions.
Hydroxyl radicals generated by Fenton reaction were
found to induce DNA strand breaks in calf thymus DNA. DNA
damage assay carried out according to the method of Ani
et al [22] was used to assess the antioxidant potential of the
E densa ethanolic extract. Elsholtzia densa ethanol extract
from 10 mg to 80 mg offered some protection from DNA
damage induced by hydroxyl radicals in calf thymus DNA
(Fig. 1).6. Discussion
There is increasing evidence that indigenous antioxidants
may be useful in preventing the deleterious consequences
of oxidative stress and therefore there is increasing interest
in the protective biochemical functions of natural antioxi-
dants contained in spices, herbs and medicinal plants
[23,24].6.1. Total phenolic content
Phenolics are the most widespread secondary metabolite in
the plant kingdom. These diverse groups of compounds
have received much attention as potential natural antiox-
idants in terms of their ability to act as both efficient
radical scavengers and metal chelators. It has been repor-
ted that the antioxidant activity of phenol is mainly due to
its redox properties, hydrogen donors and singlet oxygen
quenchers [25]. Therefore, in the present study, totalphenolic content present in the plant extract was esti-
mated using a modified FolineCiocalteau method.
6.2. DPPH radical scavenging activity
The DPPH assay method is based on the reduction of DPPH,
a stable free radical. The free radical DPPH with an odd
electron gives a maximum absorption at 517 nm (purple
color). As the odd electron of the radical becomes paired off
in the presence of a hydrogen donor, for example a free
radical scavenging antioxidant, the absorption strength is
decreased and results in decolorization (yellow color) with
respect to the number of electrons captured [26]; the more
the decolorization the greater the reducing ability. This test
has been the most accepted model for evaluating the free
radical scavenging activity of any new drug. The percentage
DPPH scavenging activities of E densa extracts are summa-
rized in Table 1. Dose-dependent DPPH radical-scavenging
activity was exhibited at all concentrations tested. The
results suggest that the medicinal property exhibited by
the plant might be due to the radical scavenging activity.
Our results concur with earlier investigations that found
different extracts of plants such as Pterocarpus santalinus
exhibit significant DPPH radical inhibition [27].
6.3. Hydroxyl radical scavenging activity
The activities of the extracts on the hydroxyl radical are
shown in Table 2. The hydroxyl radical is a highly reactive
oxygen-centered radical that is formed from the reaction of
various hydroperoxides with transition metal ions. It
attacks proteins, DNA, polyunsaturated fatty acid in
membranes, and most biological molecules and is known to
be capable of abstracting hydrogen atoms from membrane
lipids and can bring about the peroxidic reaction of lipids
[28,29]. E densa exhibited concentration-dependent scav-
enging activity against hydroxyl radicals generated in
a Fenton reaction system.
6.4. Hydrogen peroxide scavenging activity
As shown in Table 3, E densa also demonstrated hydrogen
peroxide decomposition activity in a concentration-
dependent manner. Hydrogen peroxide is a weak oxidizing
agent and can inactivate a few enzymes directly, usually by
oxidation of essential thiol (eSH) groups. Hydrogen
peroxide can cross cell membranes rapidly, once inside the
cell, H2O2 can probably react with Fe
2þ, and possibly Cu2þ
ions, to form a hydroxyl radical and this may be the origin
of many of its toxic effects [30]. It is therefore biologically
advantageous for cells to control the amount of hydrogen
peroxide that is allowed to accumulate. The decomposition
of H2O2 by E densa extracts may at least partly result from
its antioxidant and free radical scavenging activity.
6.5. Lipid peroxidation
In addition to free radical scavenging activity, the extracts
were evaluated for their ability to protect biomembrane
from oxidative damage. Initiation of the lipid peroxidation
by ferric nitrate, ascorbic acid and H2O2 takes place either
110 M. Khan et al.through a ferryleperferryl complex or through the OH

radical by Fenton’s reaction. E densa extracts inhibited
Fe3þ/ascorbate-induced linoleic acid lipid peroxidation in
a dose-dependent manner as given in Table 4. The inhibi-
tion could be caused by the absence of ferryl-perferryl
complex, or by scavenging the OH

radical or the super-
oxide radicals, or by changing the Fe3þ/Fe2þ, or by
reducing the rate of conversion of ferrous to ferric iron or
by chelating the iron itself. The result shows that E densa
extracts have the capacity to prevent oxidative deteriora-
tion of linoleic acid in a dose-dependent manner. The
beneficial effect of E densa on lipid peroxidation is attrib-
uted to its phenolic content.
6.6. Antioxidant activity by FTC method
Table 5 shows time-course plots for the antioxidative
activity of the E densa extract using the FTC method.
Membrane lipids are rich in unsaturated fatty acids that
are most susceptible to oxidative processes. In particular,
linoleic acid and arachidonic acid are targets of lipid
peroxidation [31]. The inhibition of lipid peroxidation by
antioxidants may be due to their free radical scavenging
activities.
6.7. Antioxidant activity against oxidative damage
to DNA
DNA is susceptible to oxidative damage and hydroxyl radi-
cals oxidize guanosine or thymine to 8-hydroxyl-2-deoxy-
guanosine and thymine glycol which change DNA and lead
to mutagenesis and carcinogenesis [32]. E densa extract at
a concentration from 10 mg to 80 mg offered dose-
dependent protection to DNA damage induced by hydroxyl
radicals in calf thymus DNA (Fig. 1). Thus, the hydroxyl
radical quenching ability of polyphenolic compounds of E
densa could be responsible for the protection against
oxidative damage to DNA.
7. Conclusion
In this study, E densa extracts were found to be effective
antioxidants using different assay techniques, FTC, and
DPPH scavenging methods. These activities were, however,
less than those of the positive controls. Nevertheless the
plant was found to be a potential source of natural
antioxidants.
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